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Introduction 


Definitions of the term community vary from that of a mere aggregation of plants 
and animals to that in which the community is considered to be almost a superorganism 
(see Shelford 1963; Ricklefs 1973; Valentine 1973; Kauffman and Scott 1976). I will use 


the term to mean an aggregation of plants and animals with distiuc Lc. relation- 
ships. / These distinct dynamic interrelationships may be defined, for the purpose of 
studying paleocommunities, in terms of community structure. This consists of the relative 
distributions of species in body size, feeding type, and locomotor type as well as species 
richness, species diversity, and trophic structure. Olson (this volume) has pointed out 

a distinction between community and community type which will be followed here. A true 
community is one in which the plants and animals live together in a particular area as, 
for example, the Budongo rain forest community. A community type is, however, an abstrac- 
tion, such as a "lowland rain forest community." Olson also points out that there is a 
difference between community evolution and community succession, and suggests that the 
former should "encompass only those changes that occur within integrated complexes of 
organisms that maintain direct continuity through time by persistence of their basic 
ecological structure." Community succession is, according to Olson, the process whereby 
one community succeeds another either by evolution in situ, immigration from elsewhere, 

or a combination of both, resulting in a change in trophic structure and population 
dynamics as well as a change in biota. The term community succession is also used in ecol- 
ogy to mean "replacement of populations in a habitat through a regular progression to a 
stable state" (Ricklefs 1973). Both types of succession are identifiable in the fossil 
record (Johnson 1972), and it should be made clear which type is being discussed. Referring 
either to ecological succession or to evolutionary succession might eliminate this confu- 
sion. 

Community evolution and evolutionary succession could be studied in some detail 
within certain sequences in East Africa such as the Kisingiri Early Miocene sequence 
(Andrews and Van Couvering 1975), the Tugen Mills Mid-Late Miocene sequence (Bishop and 
Pickford 1975), and the Plio-Pleistocene sequences of the Omo River basin and the East 
Lake Turkana area (Coppens et al. 1976). Detailed taphonomic and stratigraphic work is, 
however, essential to an analysis of this sort. Stratigraphic work has been at least 
partially completed in all of these areas, and the taphonomy is in progress, or 
complete, in both the Kisingiri and Omo River sequences. 
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The approach in this paper has been to study the evolution and succession of com- 
munity types based on data derived in part from contiguous and in part from noncontiguous 
communities. 

The term diversity refers, in this paper, to species richness (number of species) 
combined with species equability (evenness of distribution of individuals among these 
species, and, in general, to within-habitat, or alpha, diversity. This may include a 
"habitat" which encompasses an entire drainage basin, or at least proximal and distal 
stream communities. The modern communities analyzed have been chosen to correspond in 


size to those areas sampled in fossil communities. 


Methods 


I have used two new techniques in analyzing the fossil assemblages: habitat 
spectra and ecological diversity spectra. In constructing habitat spectra each species 
is assigned a habitat range based on the present range of its nearest living relative, 
its morphology, and well-documented associations of the species in the world fossil 
record. Weightings of 1 through 6 were given to each species (6 if the species itself 
is living today, 5 if the genus is living but not the species, and so on; 4 for tribe, 3 
for subfamily, 2 for family, and 1 for any higher category). This method was modified 
with the help of Nikos Solounias from one suggested by Alan Walker (personal communica- 
tion, 1974). Habitat spectra, or histograms, were constructed for a number of 
selected localities (see fig. 15.1) by figuring the weighted percentage of taxa adapted 
to each habitat zone (sum of species in a given habitat column x respective weighting 
factors/sum of total species in a fauna x respective weighting factor). Several localities 
for each time period were studied. Using only presence and absence data, we ignored the 
details of particular sites and instead combined the data from the sites within each major 
locality. This establishes a general picture of the environmental spectrum in each of 
the drainage basins studied. The consistency of the habitat spectra drawn for particular 
time periods suggests that the pattern that emerges is real. Those localities shown 
in figure 15.1 are typical of their respective time periods. Habitat spectra have been 
constructed even for those collections in which there is gross taphonomic bias. Although 
in most cases the overall shape of the histogram is changed very little from those of 
relatively unbiased collections, knowledge of this bias is necessary in order to properly 
interpret a spectrum. 

The advantages to this method are as follows: (1) The whole mammalian fauna 
sampled (or in an ideal situation, the entire sampled biota) is analyzed. This reduces 
the chance of error inherent in predictions of past habitats based on selected key 
species. (2) Each species is given a habitat range rather than assuming that it was 
confined to a particular habitat, either in time or in space. This conforms with the 
realities of habitat usage by modern mammals and gives proper significance to animals 
that are truly restricted to a narrow habitat. (3) Greater relative weight is given to 
those species which are more closely related to modern species, thus compensating for 
greater error in assigning habitat preference to more distantly related species, The 
basic assumptions are (a) that the more closely a fossil species is related to a living 
species, the more similar they are in habitat preference; and (b) that morphology reflects 
habitat. These assumptions may be wrong or misinterpreted in some cases. In addition, 
predictions of the habitats of fossil animals which were members of diverse groups in 
the past and which are today represented only by relics are not reliable (e.g., were the 


four species of Dorcatherium from the Early Miocene of East Africa all waterside forest 
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Songhor, I9 Ma. Fort Ternan, 14 Ma. Ngorora, 9-12 Mo. Lukeino, 6.5 Mo. 


Figure 15.1. Habitat spectra for selected localities of the East African Neogene. The 
selected localities shown here are typical of the spectra of their particular time period. 
See text for discussion of compilation method. F: equatorial rain forest; W: woodland; 
WG: wooded grassland; G: grassland; B: bushland; D: desert; A: aquatic margin. 


animals like the single modern species of African tragulid, Hyemoschus aquaticus?). A 
pooled analysis of the whole fauna helps to overcome these problems. 

Ecological diversity histograms were constructed by Peter Andrews and his col- 
leagues J. M. Lord and E. N. Evans for twenty-two modern and five fossil localities fol- 
lowing the method of Fleming (1973). Typical cases are shown in figure 15.2. Ecological 
diversity histograms can only be used to demonstrate community structure for fossil as- 
semblages that seem to reflect the living assemblage without too much bias—for instance 
Rusinga, Fort Ternan, and many of the Plio-Pleistocene localities. They should be used 
for studying single communities derived from areas of comparable size. 

Discerning and explaining the differences between fossil communities and modern 
communities are vexing problems in paleoecology. Uniformitarianism, if used too strictly, 
can blind us to the differences between the past and the present. If a modern community 
type is taken as an exact standard for comparison with fossil communities, the differences 
between the two are often explained away as the result of sampling or other taphonomic 
bias, or an otherwise faulty record; this is referred to by Olson as "me-too-ecology" 
(personal communication, 1976). In this manner, through circular reasoning, we may con- 
clude that the paleocommunity that we are studying was exactly like the modern community 
type with which we have compared it. This failure to discern differences between the 
past and the present has had important consequences. Olson has pointed out (personal 
communication, 1976) that it was this type of reasoning that at first blinded him to 
the idea that the food chain in the Early Permian was basically different from that of 
the modern world (see Olson 1961). In another case, the use of modern reptiles as strict 
metabolic models for dinosaurs blinded us to the possibility that these animals could 

“have been functionally warm-blooded (see Bakker 1975). We must realize that, not only 


may the animals and the plants of the modern and fossil biota differ, but also the pos- 
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Kanapoi, 4.5 Ma. Shungura > H, 2-3Ma. Shungura H ->,l-2Ma. Kafue R. floodplain 
Figure 15.1,—continued 


sibility must be considered that diversity, food chains, population dynamics, and other 
basic biological interrelationships may have been different in the past as well. We B 
should look for these differences, as well as for similarities, as one of our first orders 
of business. The techniques used here, although they employ only presence or absence 
data, are especially valuable in discerning differences, and in showing similarities, 
between modern and fossil communities and among the fossil communities themselves. For 
example, (1) the habitat spectra show that woodland is of greater importance in the Middle 
Miocene fossil record of East Africa than it is in any modern African community, and (2) 
the ecological diversity spectra indicate that in the Early Miocene forest community 

there is an excess of large, ground-dwelling browsers in comparison with modern equatorial 
lowland rain forest. The interpretation of this difference is a difficult problem, as 


can be seen in the discussions which follow. 


Rain Forest and Savanna-Mosaic Community Types 
Modern Equatorial Rain Forest 


There are three major types of equatorial rain forests: (1) lowland evergreen; 
(2) lowland deciduous; and (3) montane. Because it is difficult to separate these 
habitats in the fossil record using the evidence currently available, they are here 
lumped for convenience under the category "equatorial rain forest." Equatorial rain 
forests occur today in Africa both at high altitudes and in areas where the low-pressure 
equatorial trough conditions dominate, so that the climate is characterized by high and 
year-round rainfall. Although slight monsoonal variations in rainfall can be measured 
in many of the regions that are dominated by equatorial trough conditions, these dif- 
ferences are not great enough to affect the overall dynamics and structure of the rain 
forest community. In each of the three major types of equatorial rain forest, trees 
develop fruit and new growth throughout the year, leaves fall from the trees throughout the 


year, the litter decomposes throughout the year, and the animals breed (and die) 
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throughout the year. The lowland deciduous rain forests are, however, more seasonal 
and are more widely distributed than the evergreen forests. 

Equatorial forest physiognomy can be defined as "a closed stand of one or more 
storeys, with an interlaced upper canopy, rising 7.5—40 m or more in height. The 
ground cover is dominated by herbs and shrubs, and lianes and epiphytes are characteristic" 
(Pratt et al. 1966). The canopy structure allows little light to penetrate to lower 
levels. The lianas, epiphytes, saprophytes, and parasites all provide microhabitats for 
animals, as do the herbs and shrubs of the forest floor. The forest is broken in places 
by grassy glades, perhaps an important feature in the evolution of more open biotopes. 

A list of genera present at two African evergreen rain forest localities is given 


in table 15.1. Figure 15.2 shows the trophic, size, and locomotor structure of two similar 


Table 15.1 


Mammalian Genera of Recent and Fossil Equatorial Rain Forest Communities 
= == 


Medje Avakubi Bus Son 
Lipotyphyla Lipotyphla 
Potamogalidae Tenrecidae 
Potamogale 1 1 tProtenrec > L 1 
Soricidae tErythrozootes - 1 
Crocidura 8 5 Soricidae 
Sulvisorex 2 - Crocidura 1 
Scutisorex 1 - Erinaceidae 
t?Galerix 1 1 
TGyumnurechinus 2 1 
tAmphechinus l 1 
tranthanotherium 1 1 
Chrysochloridae 
TProchrusochloris - 1 
Macroscelidea Macroscelidea 
Rhunchocuon 1 1 *Rhunchocuon 2 2 
Primates Primates 
Lorisidae Lorisidae 
Perodicticus 1 *TProgalago 2 2 
Galago 1 *+ Komba 2 2 
Cercopithecidae *tMioeuoticus 1 - 
Cercocebus 1 1 Hylobatidae 
Cerocopithecus 3 4 t"Dendropithecus" 1 1 
Colobus - 4 Pongidae 
Papio - 1 tLimnopithecus 1 1 
Pongidae tDryopithecus 4 4 
Pan l 1 
Lagomorpha Lagomorpha 
tKenyalagomys 2 - 
Rodentia Rodentia 
Sciuridae Sciuridae 
"Aethosciurus" 1 - tVulcanisciurus 1 1 
Heliosciurus 1 1 Anomaluridae 
Funisciurus 2 2 *tParanomalurus 2 3 
"Tamiscus" 2 2 *tzenkerella - 1 
Protoxerus 1 1 Cricetodontidae 
Anomaluridae tAfrocricetodon 1 1 
Anomalurus 3 2 tProtarsomys 1 1 
Idiurus 1 1 tNotocricetodon 1 2 
Cricetodontidae Phiomyidae 
Dendromis 1 - tPhiomys 1 1 
Deomys 1 - tParaphiomys 2 2 
Cricetomys 1 - tEpiphiomys L 1 


Table 15.1—Continued 
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Cricetidae 
Lophuromys 
Malacomys 
Colomys 
Lemniscomys 
Hybomys 
Stochomys 

Muridae 
Dasymys 
Oenomys 
Mastomys 
Praomys 
Hylomyscus 
Thamnomys 
" Leggada " 
Chocromys 

Gliridae 
Claviglis 

Hystricidae 
Atherurus 


Creodonta 


Carnivora 

Viverridae 
Civettictis 
Genetta 
Poiana 
Nandinia 
Herpestes 
Xenogale 
Atilax 

Felidae 
Panthera 
Profelis 

Mustelidae 
Lutra 
Aonyx 


Pholidota 
Manis 


Tubulidentata 


Hyracoidea 
Dendrohyrax 


Proboscidea 
Loxodonta 


Perissodactyla 
Rhinocerotidae 
Diceros 


Medje 
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Avakubi 
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Phiomyidae (continued) 


TDiamantomys 
TKenyamys 
+Simonomys 
TMyophiomys 
t*tElmerimys 


Creodonta 


tKelba 
tTeratodor 
tAnasinopa 
tDissopsalis 
tMetapterodon 
+Pterodon 
tLeakitherium 
tHyaenodon 
tMegistotherium 


Carnivora 


Viverridae 
TKichechia 

Felidae 
TMetailurus 

Amphicyonidae 
tHecubides 


Pholidota 


Tubulidentata 


tMyorycteropus 


Hyracoidea 


tMerochyrax 
tPachyhyrax 


Proboscidea 


tProdeinotherium 
tPlatybelodon 


Perissodactyla 


Rhinocerotidae 
tAceratherium 
tchilotheridium 
*Dicerorhinus 


Rus 


=== 


a ra 


m 


279 


Son 


Ree ee 


eine 


ka 


280 Judith A. H, Van Couvering 


Table 15.1—Continued 
a EE 


Medie Avakubi Rus Son 
Chalicotheriiidae 
tChalicotherium 1 1 
Artiodactyla Artiodactyla 
Suidae Suidae 
Hylochoerus (1) (1) THuotherium 2 2 
Potamochoerus (1) (1) TBunolistriodon d H 
Hippopotamidae tListriodon 1 - 
Choeropsis (1) (1) TXenochoerus 1 1 
Tragulidae Anthracotheriidae 
Hyemoschus (1) (1) tMasritherium 1 - 
Giraffidae +Brachyodus 2 - 
Okapia (1) (1) Tragulidae 
Bovidae (11) (11) *tDorcatherium š 1 
Gelocidae 
tGelocus 1 1 
Palaeomerycidae 
TPropalaeoryx 1 1 
Giraffidae 
tCanthumeryx 1 - 
Bovidae 1 I 


Note: Orders have been aligned to make comparisons easier, Numbers in columns refer to 
numbers of species present; dash means genus absent. Medje: modern forest site between 
Ituri and Uele Rivers, Zaire; species list from American Museum Congo Expedition (AMCE) 
reports. Avakubi: modern forest site on Ituri River, Zaire; species list from AMCE 
reports. Rus: Early Miocene locality (Hiwegi Fm, only), Rusinga Island, Kenya; species 
list from Van Couvering and Van Couvering (1976). Son: Early Miocene locality, Songhor, 
Kenya; species list from Van Couvering and Van Couvering (1976). Species lists from 
fossil localities include only those species thought to have lived in forest. 


* 
Teens extinct, Forest indicators 


communities. Important structural features peculiar to modern evergreen rain forest 
communities are that (1) about 50% of the mammalian species are less than 1 kg in size 

and about 75% are less than 10 kg; (2) only 25% of the mammalian species are large ground 
dwellers, while around 50% are arboreal, scansorial, aerial, or aquatic; (3) insectivore 
and frugivore species predominate (about 55%) and grazing herbivores are unimportant (less 
than 5%). The structure of a modern evergreen rain forest community is very different 
from that of a savanna-mosaic community (fig. 15.2) even when only the wooded habitat 

in that community is investigated. Important features of the population dynamics and 


behavior of forest animals are listed in table 15.2. 


Early Miocene Equatorial Rain Forest 

The equatorial rain forest appears to have extended as far east as the modern 
Eastern Rift and perhaps all the way to the Indian Ocean in the Early Miocene (Andrews 
and Van Couvering 1975). Although there are few fossil floras of this age known from 
Africa (Chaney 1933; Chesters 1957; Hamilton, in Walker 1969), the available evidence 
suggests that many of the plant types which make up the African equatorial rain forest 
today were already present in the Early Miocene, which is as far back as the record goes 
in the Cenozoic of this area. 

Analysis of the Early Miocene environments at Rusinga (Andrews and Van Couvering 
1975) suggests that the Rusinga mammalian fauna differs from the fauna of a typical 
modern equatorial rain forest in that it has relatively more species of large ground 
mammals (50% rather than 25-30% of the total species) and browsers (30% rather than 20%), 
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Table 15.2 


Structure and Dynamics of Equatorial Rain Forest and Savanna-Mosaic Communities 


Forest 


Equatorial trough conditions 
Year-round rainfall 

No fire 

Water unlimited 
Exchangeable ions unlimited 


Constant species numbers 
Year-round growth 
Year-round reproduction 
Constant decay 


Species rich 

High species diversity 

Constant species numbers 

Low population numbers 

Low turnover rate 

K selection dominant 

Small size dominant 

Single individuals or small family groups 

Pair bonding dominant 

Sedentary habits dominant 

Insectivores, omnivores, small herbivores 
and carnivores dominate 

Small mammals (< 10 kg) dominate 

Arboreal, scansorial, aerial dominate 


Note: 
cussion in text. 
t 


growth and breeding. 


These features apply to the majority but not all of the component taxa. 


tSavanna-Mosaic 


Climate 


Monsoon conditions 

Seasonal rainfall 

Fire during dry season 

Water limited seasonally 
Exchangeable ions limited seasonally 


Plants 


Variable species numbers 
Seasonal growth 

Seasonal reproduction 
Seasonal decay 


Mammals 


Species rich 

*Low species diversity 

Species numbers variable seasonally 

High population numbers 

?Mixed turnover rate 

Dominant type of selection unknown 

Large or medium size dominant 

Large groups dominant 

Polygyny dominant 

Migratory and dispersal habits dominant 

Ungulates, small herbivores and carnivores 
dominate 

No dominant size group 

Large ground mammals dominate 


Woodland component of the mosaic is similar to forest, but with seasonal plant 


* 
In many communities a few species dominate in numbers and biomass (see text). 
Primarily from Bourliére (1973) and Bourliére and Hadiey (1970). 
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See dis- 


although the overall size spectrum is very similar (fig. 15.2). It is the presence of 
relatively more species of large ground-dwelling browsers that creates this difference. 
Whether the excessive numbers of mammals in this guild (a guild being "a group of 
species that exploit the same class of environmental resources in a similar way" [Root 
1967, p. 335]) are due to (1) the presence in the fossil deposits of exotic, non-rain 
forest inhabitants from another nearby community; (2) a modern fauna "deplete" in this 
guild; (3) a slight difference in the plant community; or (4) the admixture of suc- 
cessional habitats, is not easy to answer. Each of these explanations has supportive 
circumstantial evidence, and none of them can be shown to be completely erroneous. 

In reference to the first point, we know that when the Rusinga Hiwegi fauna is 
pooled there is sone mixture of animals with different habitat preferences, but this does 
not eliminate the problem. Detailed excavations at small sites have produced both definite 
forest-dwelling mammals and those possibly from more open habitats buried together in 
flood basin or backwater deposits (e.g., sites KG and KF; Andrews and Van Couvering 1975, 


fig. 3). 
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The second point is also complex. A cursory review of the Early Tertiary 
record of North America suggests that there are more large, ground-dwelling browsers in 
those forest faunas than in modern-day forest communities, indicating that the modern-day 
forest is truly "deplete" in this guild. In order to demonstrate this, however, the 
entire record must be investigated in detail. 

The possibility of a mixed forest-woodland is suggested by the fact that the 
differences in ecological diversity structure between the Rusinga Hiwegi fauna and modern 
equatorial rain forest communities are in the direction of woodland. This is supported to 
some degree by the floral and molluskan faunal evidence. The majority of the fossil flora 
from Rusinga (Chesters 1957) is made up of equatorial rain forest or potentially equatorial 
rain forest genera, but it also contains genera which today are restricted to woodland, 
bushland and even wooded grassland (see Andrews and Van Couvering 1975, table I). The 
ecological ranges of the fossil species are, however, uncertain. The majority of the 
gastropod fauna is also made up of genera which live in equatorial rain forest habitats 
today, but there are a few genera which are restricted to woodland or bushland (ibid., 
table II). Again, the ecological ranges of the fossil species are not certain. 

The fourth possibility is that this proposed habitat mixture was due to suc- 
cessional events rather than a climax condition. This is suggested by the occurrence 
of between 100 and 1000 separate deposits of ash from successive volcanic eruptions in 
each of the major clastic formations on Rusinga (John Van Couvering, personal communica- 
tions). This destruction of habitats with consequent repopulation and succession may 
have been of major importance in determining available habitats. 

I have discussed this problem in some detail in order to point out the difficulties 
in interpretation once differences have been discerned. The mere discovery of differences 
(or similarities) is, nevertheless, a major step forward. The question of cause is, how- 
ever, important to the interpretation of population dynamics in the Early Miocene rain 
forest community chronofauna. We need to know whether the climate was more seasonal than 
it is in a typical rain forest community type today. For the discussion which follows I 
am assuming that, even if the climate was more seasonal at the longitude of the East 


African sites, it was not more seasonal in the central African forest block, 


Evolution of the Equatorial Rain Forest Community 


There are two major points which I wish to discuss in this section: (1) the 
nature of the extreme faunal turnover in the mammalian part of the community; and (2) the 
cause of this taxonomic turnover. Although the dynamics and structure of the Early 
Miocene equatorial rain forest community and that of the same community type today are 
probably similar at least in the central forest (see above), the fauna itself has changed 
dramatically (table 15.1 and Van Couvering and Van Couvering 1976). The evolution of the 
equatorial rain forest community from the Early Miocene to the present cannot be studied 
directly because no true forest fauna is certainly known from the fossil record after 
17 my (but see Lothagam, etc., below). Thus, we must indirectly study the changes 
which have taken place in the forest by examining the open-habitat faunas, for which 
we do have some record, 

Table 15,3 indicates that replacement was gradual, with more marked episodes 
in the Middle Miocene and the Pleistocene. However, it should be noted first of all that 
the data on first and last appearance have been assembled from primarily nonforest faunas 
(table 15.3); and, secondly, that the forest is an ancient community which has, in some 


cases, served as a refuge for ancient lineages of forest-adapted animals. It is thus 


Table 15.3 


Geological Time Range of Genera in the East African Neogene 


*Tenrecidae 
tProtenrec 
tGeogale 
tErythrozootes 


Chrysochloridae 
tProchrysochloris 


Erinaceidae 
tLanthanotherium 
TGalerix 
+Gymnurechinus 
TAmphechinus 


Soricidae 
Crocidura 
Suncus 


Macroscelididae 
TMyohyrax 
Rhynchocyon 


Pteropodidae 
'Propotto 
Eidolon 


Megadermatidae 


Hipposideridae 
Hipposideros 


Emballonuridae 
Taphozous 
Coleura 


Lorisidae 
Lorisinae 
tMioeuoticus 
Galaginae 
+Komba 
tProgalago 
Galago 


Cercopithecidae 
tVictoriapithecus 
Cercopithecinae 
Cercopithicini 
Cercopithecus 


Papionini 
Parapapio 
Papio 
Theropithecus 
Cercocebus 


Colobinae 
Cercopithecoides 
tParacolobus 
Colobus 


*Hylobatidae 
tDendropithecus 


Pongidae 
Limnopithecus 
Dryopithecus 


Hominidae 
Ramapithecus 
Australopithecus 
Homo 


*Ochotonidae 
t+tKenyalagomys 
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x s evi : x x 
x Bš z E Vals ais Za 
x E ws Y» " u$ viele 
Pri .. os bee se x x 
x x x x x x x 

or. x e T eig wee ... 

one mT— ve D x x x 
... es ex £ x x x 
. ve x x x 

- A x x x x 
wee ... Sisy cf. x ef. $e 

hee .. as ee x x x 

1 ave ara x x x 
be seg es Ss D x xx 

... — z e x x x 
oe E - a a vip x T 
. e .. ... x GË oe 
. wid T "T x x 
x x es sa Ex 
S ses s.. oe ... ee eae 
x x Ban a ata zx x 
x x Don š 4 Su 
x x De Seng " "n "m 
mee x x x x x x 
" x ? ? eae eee DÉI 
EC arate DEEN ef. ef. x .. 
RAE are Sen NS "I x x 
x x e Sg geg emeng 
x x DR) D `. s.. ... 
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Table 15.3—Continued 


Kis Tin Ngo  Lot-Luk  Kan-Che  Pli-Plei Rec 


— ee eee 


Leporidae sn ess $e sa x x x 
Lepus vw T ied TT x x x 
tPhiomyidae x x x a See TS es 
tPhiomys x . PEN we Ze - SS 
tParaphiomys x qe vee Sa ... . ... 
tEpiphiomys x Ys oe - eis ses ses 
tDiamantomys x gät PET? emm geg TE save 
tKenyamys x — ESSE vs T 23555 vv. 
TtSimonomys x T (4:5 Ses cas 2 es 
TtMyophiomys x ei axis Vue a ea 245 Ss 
tElmerimys x sde os GP Sé . 5 
Thryonomyidae T 43A T€ x GH x x 
Thryonomys «as oon a ee — — x x 
Hystricidae Hie eg Kan x x x x 
Hustrix yiga -— — — x x x 
TXenohystrix ne vas as Sa x x Ped 
TBathyergoididae x gx TD sa Visa s dek 
tBathyergoides x e es Sai date iam Vds 
Bathyergidae x wen zai Kee Sos x x 
tProheliophobus x at — SSS PSP c —— 
Heterocephalus vi ose ... ... GE x x 
Anomaluridae x x Sek x wae ws» 
tParanomalurus x M. Siy — "mes — š 
Zenkerella x x yare nss seg ... x 
Pedetidae x x x ees dE Sch x 
tMegapedetes x x nas ze» sci ze. . 
Cricetodentidae S x x Es SEN d x 
tAfrocricetodon x ita š Ti ç ... Se 
tProtarsomys x = ve š š+. e m 
tNotocricetodon x GAS es. sa E Ei — 
tLeakeymys Ve x sve — ge Kai PSS 
TCricetodon en x ane sre sss wie s 
Dendromurinae — m" x — Sam x x 
Dendromus aaen ... ... e ai um x x 
Cricetidae saa pee x er x x x 
Tatera ... ... DEE ss x x x 
Gerbillurus Ste n E esa ave x x 
Muridae sie? Sax DEN Ne eae x x 
Mastomys $4 Kap im OCH "ues x x 
Arvicanthus PITT tise D yaa °... x x 
Pelomus DES? ... evi — soo x x 
Aethomys SCD — een "m "m x x 
Thallomys Tm" — TT eng ae x x 
Grammomys tee "T vie ege ... x x 
Mus ... ... tae one m x x 
Lemniscomys SE Kai ans v des x x 
Oenomus DIST Ken `... Aen ... ef. x 
*Dipodidae kasa ila Ka e wend “isle x x 
Jaculus Se as ... vie — x x 
Sciuridae x x x Ges a wen x 
tVulcanisciurus x sine Za PCS — ex xg 
Paraxerus ene vee ees DER ... x x 
Xerus m" "m ... Sex DE x x 


tArctocyonidae 
TKelba 


x 
x 
tTeratodontidae x 
TTeratodon x PIS DE Ca am Ken — 
x 
x 
x 


tHyaenodontidae 
tanasinopa 
tMetasinopa 
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Table 15.3—Continued 


Kis Tin Ngo  Lot-Luk  Kan-Che Pli-Plei Rec 


tDissopsalis x x š VS Gg š Sie 
tMetapterodon x E ege Se ee .. . 
tPterodon x » á " é 
tLeakitherium x " m mr "en — ax 
tHyaenodon x ven e -— e Des " 
TMegistotherium x x e ‘ " 
TAmphicyonidae x T " T ve 
tHecubides x a ias oè vies. Vas 
Viverridae x 1 x x x x 
TKichechia x See — ee SC Eks aise 
Ichneumia aa is x are es dili x 
Civettictis wala vie seis x Siss x x 
Helogale tt. ttt one wae m x x 
Herpestes geng oe TES — — E x 

cf. Mungos or ... ens — es x x 
Viverra tas n wise Tm eg x x 
Genetta 3 DT $e $34 ... x x 
tPseudocivetta sin Se iut 887 x Akt 
Felidae X š we x è x x 
TNimravinae x D Si "E s es das m 
«tMetailurus x beten e Puis seni ree MER 
Felinae — Gre n x gc x x 
tDinofelis -— Kee Kg "— siete x T 
Panthera T eem gës exe eisis x x 
Acinonyx ... s... TC fie je "mm x x 

Felis T wa Sne es I x x 

tMachairodontinae xe PES ia x x x z 

tMegantereon ¿4 235 zia F^ x es 
tHomotherium itu Sex Wee Vio. Me x vs 
TTherailurus Vis ya etg Pb. $55 * e 
tMachairodus eae s... Sex SE ES x ; 
Mustelidae oer KA x x x x x 
Mellivora isa — x vidya ont KE x 
tEnhydriodon - me — x x x TP 

Lutra wana sr SC ES DE x x 
Canidae gra een H x ee x x 
Canis aas re vas Visa cvs x x 
Lycaon m ... ... ... ... x x 
Hyaenidae Wie a ssi x x x x x 
tPercrocuta $a PAS x eles Sieg x Ne š 
Crocuta aá — ene — ee x x 
Hyaena — ... were ... x x x 
tEuryboas -— rex sie e aff. pc x te 
Orycteropodidae x x x x gra x x 
TMyorycteropus x x nee wins ES š e 
*Leptorycteropus Ba Ce Greng x= ta sus 
Orycteropus ... oss x ... x x 

TDeinotheriidae x x ë x x x 
tProdeinot herium x x Med dla FD a eid Nile 
tDeinotherium 3:54 mm x x x x FE 
tGomphotheriidae x x x — T ijr SC 
TPlatybelodon x x — re Kong e Macs 
TGomphot herium 2 ? ? ec one -— 
*Mammutidae x x š x x x €x 
tZygolophodon x x r alma ' CETT. 

tAnancus GE Säi e EN x k SCH 
tStegodon tes SE SES Se x x ... 
Elephantidae DH x "T x x x 
4Primelephas DER x ... x tee ... mm 
+Stegotetrabelodon stein Kee gut x x Wi A 
+Mammut hus — and vas ... x s 2 
*Elephas — — — wa x x x 

x x x 


Loxodonta isa see evs — 
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Table 15.3—Continued 
ee eS EE EE 


Kis Tin Ngo  Lot-Luk  Kan-Che Pli-Plei Rec 


tGeniohyidae x x E ER ' x — 
tPachyhyrax x x ^ aaa e x . 
Procaviidae x SS D — "o x x 
tMeroehyrax = oe "T - m Se 7 
+Prohyrax cf. mM oe wee pete 4 " 
tParapliohyrax geg — x dn Tom Se m 
Heterohyrax eiie wae ... aste 294 x x 
tGigantohyrax ye m "m. Ic m x e 
t+Chalicotheriidae x ges zw x (Ss x deg 
TChalicotherium x AN CRI have TM x d 
tAncylotherium die i stat DE? Y. e x e. 
Rhinocerotidae x x x x x x x 
taceratherium x Vs 2 e — geg en 
tChilotheridium x are x e qux tee "m 
*Dicerorhinus x — ? P . «s jis x 
tBrachypotherium x x x x es m 
tParadiceros m x ? T. š wed sists 
Ceratotherium — ete, $5 x x x x 
Diceros v3 we KS ek ë x x x 
Equidae sos PR x x x x 
Hipparion së St x. x x x D 
Equus € Gas T — — x x 
tAnthracotheriidae x x da Ee e See Kan 
tMasritherium x x "m e Sec iat va 
TGelasmodon z bicis — š Sa aes 
tBrachyodus x x T «s š ín ies 
Suidae x x x x x x x 
tHyotherium x Ss E e NT - sis on 
tB8unolistriodon x x as Sa eg T eie 
taff. Propalaeochoerus x š rst} — vus xus. ern 
tListriodon x tials x — — Š SS 
TXenochoerus x x D oe avai Suerg jon 
tSanitherium x =: sere — a gees SS 
tNyanzochoerus Cap GE T^ x x x XO 
tMesochoerus WE — — — x x arg 
Potamochoerus wae — KEY — x x x 
tNotochoerus tin Se were wie x x geg 
tPronotochoerus Se ess xs £u via x seii 
tMetridiochoerus ST ee sah Sch Via s x T 
Phacochoerus ves era Jis oats ows x x 
TStylochoerus ... EI ... DH Sr x sj. 
Hippopotamidae ? ? x x x x x 
Hippopotamus s... eee Rem x x x x 
Tragulidae x x x ° ré ae 
tDorcatherium x x ëtt nay a z visis 
tGelocidae x " aen eo ¿s m sisi 
tGelocus x os ane SS? Kas Sas Fam 
tPalaeomerycidae x x x T ... ‘ni es 
tPropalaeoryx x Se we Su — gu 
TCanthumeryx x SN ive "m em wt Swe 
tClimacoceras deg x x -— ware TT exa 
Giraffidae x x x Ka x x x 
Palaeotraginae x x x Sot x x x 
+Palaeotragus x x x ees see gek es 
Okapia was — Sex Siet x x x 
Giraffinae wine x x x x x x 
Giraffa gus e ei. ae 2 x x x 
tSamotherium one x x aa $ d TEN. $us 
TSivatheriinae wee ots tee ite x x ven 
tsivatherium uU Sie have vies ? x 
Camelidae SEN Se TT ^ «xo x x 
Camelus m ss ane ... E x x 
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Table 15.3—Continued 
——— n [V Fu A —O,esƏ—KM -mx—=— 


Kis Tin Ngo  Lot-Luk Kan-Che  Pli-Plei Rec 


Bovidae x x x x x x x 
tWalangania x DE m T eve IER Se 
tMenelikia ress pean egent — Sec x oor 
tMegalotragus pos ewe e geg wee x — 
+Rabaticeros — new SI — — x é 
tPelerovis ves ... DEE m sia x — 

Tragelaphini yes m x x x x x 
Tragelaphus wae aas DÉI * x x x 
Boselaphini ? x x 4 e dés D x 
tEotragus ? ? — ` SES PY view 
TProtragoceras PU. x A. in woe Oe Pr 
tSelenoportax e... ea Es ous DS x ... 
TPseudotragus ew x x aff. ee ove oy 
tMiotragoceros vis ER Ss x Sor aos — 
Bovini "o DS um x x x x 
Syncerus bite eal Sei Sg x x x 
tHemibos ug vu hte SEN ava ? veg 
Cephalophini ae Vs x ees Ver seg — 
Reduncini vss nn x x x x x 
Redunca * ie GH aff. oe x x 
Kobus vivae. gem een aff. nn x x 
Hippotragini ners iene — aff. ve x x 
Hippotragus "—- n — a ee — x x 
Oryx ... n n .... eee x x 
Alcelaphini oes m Se AE x x x 
Damaliscus ore T $31 aff. wies) x x 
Alcelaphus exis awe EX wee ease x x 
tParmularius vius T srid m s» x PT 
Beatragus ... ves ... A ee o. x x 
Connochaetes ven de ei ... ves * x 
Neotragini wale ase x x van x x 
Madoqua «s ges ess we? Hn x x 
Rhynchotragus — — — x SIS Se x 
Antilopini — x x x x x x 
Gazella sss x x x x x ah 
Aepyceros ves Zwé PII aff. x x x 
Antidorcas VR ween 235 ver e x x 
Antilope es es wis x wa x x 
*Caprini ea x x x x x x 
TOiocerus ev x Vau ... gd adia ates 
tPultiphagonides ves $n sae eta wise x ALTA 
tTossunnoria Bes egen go Ber es. x e ée 


Note: This is a modification and expansion of a similar chart compiled by Maglio, 1974. 
x and x both mean taxon present; ... means taxon absent. Kis: Early Miocene (23-17 my), 
species list from Van Couvering and Van Couvering (1976); Tin: Middle Miocene (16-14 my), 
species list from Andrews and Walker (1976) and personal field notes; Ngo: early Late 
Miocene (12-9 my), species list from Bishop and Pickford (1975); Lot-Luk: middle Late 
Miocene (7-5 my), species list from Pickford (1975) and Smart (1976); Kan-Che: late Late 
Miocene (5-3 my), species list from Bishop et al. (1971) and Behrensmeyer (1976); Pli-Plei: 
Plio-Pleistocene (3-1 my), species list from Maglio (1972) and Coppens and Howell (1976). 

t Genus extinct. 


* 
Genus extinct in Africa. 


possible that in the forest there was a relative time lag in the post-Early Miocene 
faunal turnover. The "new" (post-Early Miocene) groups which occur in the forest today 
either (1) adapted to forest conditions secondarily, because they evolved initially in 
more open habitats (such as bovids and giraffids); (2) immigrated to East Africa from 
Eurasia and other parts of Africa through a primarily forested corridor (such as many of 
the cricetid and murid rodents); or (3) evolved in situ from preexisting forms (such as 
tragulids, lorisids, and tenrecoids). 


Although it was mentioned above that there is no true forest fauna known from the 


288 Judith A. H. Van Couvering 


record after 17 my, it should be pointed out that there is a strong forest component in 
the faunas from Lothagam I, Kanapoi, and Chemeron (fig. 15.1). Thus there were either 
important riverine forests or local districts of true rain forest habitat in the region 
southwest of Lake Turkana (= Lake Rudolf) in the Late Miocene. Members of these forest 
faunas include forest-adapted representatives of cercopithecids, advanced bovids, 
elephantids, and fissiped carnivores. This evidence suggests that by the late Miocene, 
at least, these animals had already replaced their Early Miocene trophic counterparts in 
the central forest. 

The Early Miocene equatorial rain forest community (in East Africa) existed for 
at least six millions years (from 23 to 17 Ma) with little apparent change even at the 
species level; the faunas fron Bukwa (23 Ma) and Rusinga (18 Ma) have an FRI (faunal 
resemblance index) of 94 and those from Karungu (?22 Ma) and Rusinga have an FRI of 100 
(see Van Couvering and Van Couvering 1976 for further discussion). Unfortunately, there 
is no superpositional sequence of faunas which can be examined in detail throughout 
this period, although there are various time levels well represented at different localities 
in the Kisingiri complex (Karungu, Lower Mfwangano, Rusinga-Hiwegi, and Rusinga-Kulu, in 
order of decreasing age) which could be integrated in a close approximation of such a 
study. 

I have suggested above that rain forest conditions, including the population 
dynamics and socioecological relationships (relationship between social organization and 
ecology; see Crook 1972), have remained similar throughout the Neogene, except perhaps 
at the eastern edge of the forest block. If this is true we have a puzzling situation: 
there has been a major taxonomic turnover in the face of very few climatic or structural 
changes in the habitat or coexisting biota (note that the plants, gastropods, and perhaps 
some lower vertebrates [Estes 1962] are generically identical to modern forms). However, 
without more information about Middle and Late Miocene forest forms we cannot evaluate 


the cause of the taxonomic turnover. 
Modern Savanna-Mosaic 


I have used the term savanna-mosaic here to describe the mosaic of woodland, 
wooded grassland, grassland, and bushland which occur together over large parts of Africa. 
Because of the integration of these different habitats, the coherent biogeographical and 
evolutionary picture that they make when viewed together, and the difficulty of separating 
them in the fossil record at this time, I have considered them here as a single community 
type. 

Savanna-mosaic exists in areas of highly seasonal (monsoonal, in the tropics) 
rainfall. Dry conditions, and in many cases fire (which is the direct result of these dry 
conditions), are important in the maintenance of this community type (De Vos 1969). 
Seasonality is extremely important in the population dynamics and structure of the overall 
community type (cf. Lamprey 1964) can be characterized, in the most extreme conditions, 
by those factors listed on the right of table 15.2. The mammals found in two modern 
savanna-mosaic communities are listed in table 15.4. 

Each of the specific habitats which make up the savanna-mosaic community type is 
developed to a different degree, depending on local conditions of rainfall, soil, and 
groundwater. The physiognomy of these component habitats and their special attributes 


are discussed below. 


Woodland 


This plant community type is made up of deciduous trees with an open or continuous, 
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Table 15.4 


Mammalian Genera of Recent and Fossil African Savanna-Mosaic Communities 


Kafue Mkomazi Amboseli Shungura-G 


Lipotyphla 
Soricidae 
Crocidura 6 2 1 2 
Suncus - - = 1 
Erinaceidae 
Erinaceus B - 1 - 


Macroscelidea 
Elephantulus - 1 1 - 
Petrodromus 1 - - - 
Rhynchocyon - 1 1 - 


Primates 
Lorisidae 
Galago 2 1 1 3 
Cercopithecidae 
Cercopithecus 1 2 2 
Papio 1 1 1 
Theropithecus = T = 
Colobus > a x 
Other 
Hominidae 
tAustralopithecus * a E 1 
?Homo 1 1 1 1 


arenen 


Lagomorpha 
Lepus 1 1 1 1 


Rodentia 
Sciuridae 
Paraxerus 1 1 
Xerus - 1 
Cricetodontidae 
Dendromus 1 - = 1 
Cricetomys 1 - - B 
Steatomys l - - - 
Cricetidae 
Otomys 1 
Tatera 
Taterillus - 
Gerbillurus - 
Muridae 
Lemniscomus 
Mastomus 
Dasumus 
Pelomus 
Aethomus 
Saccostomus 
Arvicanthus 
Mus 
Oenomus 
Thallomus - - - 
Grammomus - - = 
Gliridae 
Graphiurus 1 1 1 - 
Dipodidae 
Jaculus - - - 1 
Bathyergidae 
Tachyoryctes - - 1 - 
Heliophobius - 1 - - 
Cryptomys 1 - - - 
Other - - - 1 
Thryonomyidae 
Thryonomys 1 1 1 1 
Pedetidae 
Pedetes 1 1 1 - 


N = 
m 


(ms 
' 
Piet 


I re be — — — — — = 
' 
H 


i 
H 
———-——3i Fa M Fa ke 
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Table 15.4—Continued 
—— EE 
Kafue Mkomazi Amboseli Shungura-G 


Hystricidae 
Hystrix 1 1 1 z 
THeterohustrix - = - 1 
TXenohystrix - - e 1 


Carnivora 
Viverridae 
Civettictis 
Viverra 
Genetta 
Herpestes 
Helogale 
Atilax 
Mungos 
Ichneumia 
tPseudocivetta 
Felidae 
Felis 
Panthera 
Acinonux 
THomotherium 
tMegantereon = 
tDinofelis E 
Hyaenidae 
tEuryboas 
Crocuta 
Hyaena 
Proteles 
tPercrocuta 


Pholidota 
Manis 


! kadtatakabä ip 
1 pP enNneIH 
ee e! 
Hi [m E E IT tU 


I ra bä ta 
pm NOW 
| = Gei 


' 
' 
NERF mBmÁBbmÁBHBurp| 


teres 
t eremi 
VO ba rs tal 


= 


= 
m 
V 
' 


Hyracoidea 
Dendrohurax 
Procavia 
Heterohurax 

TGigantohurax 


a tata 
_ 
t 


Proboscidea 
tDeinotheriuh = = k 
TAnancus š 3 i: 
tStegodon = = = 
tElephas E = A 
Loxodonta 1 1 1 


Perissodactyla 
Rhinocerotidae 
Diceros 1 1 1 1 
Ceratotherium - = = 1 
Equidae 
Equus 1 1 1 
tHipparion = x M 
Chalicotheriidae 
TAncylotherium - = E 1 


Bee ee 


NW 


Artiodactyla 
Suidae 
Potamochoerus 1 1 - 
Phacochoerus 1 l 1 
tNyanzochoerus = É m 
tNotochoerus = < - 
tMesochoerus = < = 
tMetridiochoerus - = » 
Hippopotamidae 
Hippopotamus T - 1 4 
Camelidae 
Camelus - - = 1 


N F GQ OG NO 
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Table 15.4—Continued 
———————————————nl 


Kafue Mkomazi Amboseli Shungura-G 


Giraffidae 
Giraffa - 1 1 3 
tSivatherium - - - 1 
Bovidae 17 IS 20 17 


Note: Numbers in columns refer to numbers of species present; dashed line means genus 
absent at that site. Kafue: Kafue River Flood Plain, Zambia; species list from Sheppe 
and Osborne (1971). Mkomazi: Mkomazi Game Reserve, Tanzania; species list from Harris 
(1972). Amboseli: Amboseli National Park, Kenya; species list from Williams (1968). 
Shungura-G: Shungura Formation through Bed G, Omo River Basin, Ethiopia; species list from 
Coppens and Howell (1976). 


tenus extinct. 


* 
Genus extinct in Africa (excludes bats). 


but not interlaced, canopy, with an undergrowth of shrubs, herbs, and sparse grasses 

(Pratt et al. 1966; Langdale-Brown et al. 1964; for a more detailed description of all of 
the savanna-mosaic habitats see Kingdon 1971 and Lind and Morrison 1974). It is found 
throughout the savanna-mosaic in areas of strong seasonality, with dry subhumid to semiarid 
climate, and is limited within these areas to districts of locally higher moisture content 
or water table. The trees fruit seasonally and thus do not provide a constant food supply,” 
in contrast to the forest trees. This habitat is significant for mammals because it 
provides an area of cover and shade. Few mammals are restricted to the woodlands but 

many use it as a primary habitat and many others use it as a marginal habitat (cf. Western 
1973; Lamprey 1963). Many of the mammals which are restricted to, or prefer, woodlands 
year-round rather than seasonally are small and live alone or in small family groups much 
like the mammals of the forest, but breed seasonally (data from Dorst and Dandelot 1970). 
In addition, the woodland community type has the following characteristics: (1) only 30% 
of the mammalian species are less than 1 kg, 50% are less than 10 kg and about 25% are 
greater than 45 kg; (2) 60% of the mammalian species are large ground-dwellers, and 

less than 15% are arboreal, scansorial, aerial, and aquatic combined; (3) insectivores 

and frugivores make up about 40% of the mammalian species and grazing herbivores are also 
important (20%). The structure of the woodland is quite different from that of the forest, 
especially in having relatively more large ground-dwelling mammals, particularly grazers, 
and fewer insectivores and frugivores (see p. 280 and fig. 15.2). 

Woodland today does not cover extensive tracts of land, as forest does, and its 
mammalian members in general range between woodland and other savanna-mosaic habitats 
(Lamprey 1963; Harris 1972). It is thus an integral part of the savanna-mosaic community 
type. 

The first woodland-dominated, rather than forest-dominated, habitat appears in 
the East African fossil record in the Middle Miocene (see fig. 15.1) and is dominated 
by browsing herbivores. This marks the first step in the local shift towards the drier, 
seasonal, savanna-mosaic community type which exists in East Africa today. However, this 
Middle Miocene woodland community is structurally different from modern woodland, These 
ecological differences and the habitat spectra (fig. 15.1) suggest that there was a strong 
forest component mixed with the woodland. It should be remembered here that the Early 
Miocene rain forest may have had a minor woodland component. By the Middle Miocene this 


woodland component was more pronounced and the ecological structure had changed accordingly. 
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Predictions about the population dynamics and socioecological features of this community 


are not yet in order. 
Wooded Grassland 


This is made up of scattered or grouped trees in which the canopy cover is less 
than 20% and the dominant ground cover is grass, mixed with some herbs (Pratt et al. 
1966). This is savanna in the restricted sense of the word. It exists in highly 
seasonal climates, and it is the seasonally dry conditions that govern its structure. 
Frequent dry season fires are important in recycling nutrients, stimulating growth, and 
Maintaining the grassy cover (De Vos 1969). This highly seasonal climate also affects 
plant growth and reproduction and thus the growth, reproduction, behavior, and adaptive 
strategies of the associated animals (Bourliére and Hadley 1970). 

The characteristic mammals of the wooded grassland habitat are grazing and mixed 
browsing-grazing ungulates and their associated predators, although herbivorous rodents 
and their predators are also important (De Vos 1969). Extreme adaptations for grazing 
and cursorial locomotion are found in the larger herbivores, and for burrowing, grazing, 
and seed-eating in the small herbivores. True browsers are not numerous in this habitat 
(data from Harris 1972, fig. 17) nor are insectivores and omnivores (Harris 1972; 

Sheppe and Osborne 1971). 

Wooded grassland seems to appear first as a dominant habitat in East Africa in 

the Late Miocene, and continues its dominance throughout the rest of the Cenozoic in the 


localities from which the fossil fauna has been collected (fig. 15.1). 


Grassland 


This is a community type which is dominated by grasses mixed with some other 
herbaceous plants in which the tree canopy cover does not exceed 2$ (Pratt et al. 1966). 
Seasonality and fire are important in the maintenance of the plant community, although 
grassland does occur edaphically as well. No extensive stands of grassland occur in East 
Africa today, although it is the dominant community type in places such as the Serengeti 
Plains. Grasslands have expanded in temperate regions to form huge tracts of prairie 
or steppe. These steppe grasslands are species-poor, and carry a much less diverse 
mammalian fauna than the savanna grasslands, and are really part of a completely dif- 
ferent biome (see Gregory 1971). 

Savanna-mosaic grasslands are dominated by large herding, grazing, and mixed 
grazing-browsing ungulates and their predators as well as small herbivorous rodents and 
their predators (see fig. 15.1). These mammals are similar to those found in wooded 
grasslands. In many places wooded grassland grades subtly into grassland, and few 
mammals are completely restricted to the grasslands part of the spectrum. It is thus a 
difficult community to characterize. The mammalian components of savanna grasslands tend, 
in general, to have a structure like those listed in the right-hand column in table 15,2. 

Grasslands rarely form a dominant community type in the fossil sites sampled but 
are of great importance within the savanna-mosaic from the Late Miocene to the present 
(fig. 15.1). The Olduvai fauna from Bed I most closely approximates a grassland-dominated 
community (fig. 15,2), but differs in the presence of more scansorial and aquatic forms. 
This is probably due to the presence of waterside communities (cf. Hay 1976), although 
the higher representation of large browsers and grazers and fewer carnivores may be due to 


human selectivity or other taphonomic factors. 


Bushland and Bushed Grassland 


These are similar to woodland and wooded grassland except that the trees are 
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replaced by shrubby, woody plants less than 6 m high. The bushes occur in relatively 
drier environments than trees, and support browsers which are small, solitary, and more 
or less water-independent. Bushland also occurs along river banks (Pratt et al. 1966). 
This habitat is important from the Late Miocene on (fig. 15.1), but is difficult 
to separate from woodland om the basis of mammals. Thus the high levels of bushland seen 


in fig. 15.1 may be spurious. 
Aquatic Margin 


There is always a wet, at least partly plant-covered area along the margin of 
any watercourse or lake. This provides a habitat for many animals not directly associated 
with those from the surrounding regional habitat (cf. Sheppe and Osborne 1971). The 
animals living in this environment generally make up an important part of the fossil record 


and may dominate certain samples (see, for example, Kanapoi and Kafue River, fig. 15.1). 


Desert 


True desert conditions are very minor in East Africa today, although arid, 
sparsely vegetated, semidesert areas occur in the north and may have been important in 
the periphery of the Omo Basin in the Plio-Pleistocene (fig. 15.1). Many of the mammals 
which have been assigned to desert habitat for the purposes of constructing the habitat 
spectra may actually have lived in grassland or wooded grassland. Thus the high values 


for desert habitat in some of the habitat spectra may be spurious. 
Savanna-Mosaic Paleocommunity Types 


The earliest record of a woodland-dominated habitat is from Fort Ternan. As 
discussed above, this may have been a forest-woodland complex with no modern analogue 
except perhaps in sone montane areas. This fauna has been interpreted as documenting 
the first appearance of local seasonality in East Africa (Van Couvering and Van Couvering 
1976; Walker, personal communication, 1975). From the Late Miocene onward, wooded 
grassland became the dominant component at most of the known sites (fig. 15.1), and the 
forest component became less important overall. 

The true savanna-mosaic community type, of similar structure to that of today, 
was not present until about 3 Ma. Plio-Pleistocene faunas from the Omo region, the 
eastern shore of Lake Turkana, Kaiso, and Olduvai all show variations of a savanna- 
mosaic spectrum and compare favorably with that from the modern Kafue River flood plain, 
Lukeino (ca. 6.5 Ma) has a higher forest and bush component than the later spectra; the 
5 Ma sites (Kanapoi and Chemeron) are poorly known and somewhat peculiar, possibly because 
they are biased towards aquatic margin samples. The savanna-mosaic community of the 
Pliocene was faunally similar to that of today, but faunal changes within that sequence 
and at the end of the Pleistocene have modified the details (table 15.4; Maglio 1974). 


Development of the Savanna-Mosaic Biome in East Africa 

If, as has been suggested elsewhere (see p. 280 and Andrews and Van Couvering 
1975), a lowland equatorial rainforest biome may have existed in most of East Africa in 
the Early Miocene, what caused it to be displaced by the savanna-mosaic biome, and what 
was the nature of that change? To answer these questions we must briefly examine the 


nature of the worldwide development of the savanna-mosaic biome. 
The World Record 


The mammalian fossil record, together with palynological evidence, suggests that 


throughout the world savanna-mosaic biomes progressively replaced forest biomes in the 
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higher latitudes and locally in low latitudes, from the Early Oligocene onwards. The fol- 
lowing sequence of events in the development of grass-dominated communities is suggested: 
(1) grasses evolve at least by the Cenomanian (Penny 1969); (2) grasses commonly appear in 
waterlogged or shallow-soil forest glades in the Late Eocene and Oligocene, as reflected 
by their minor but constant appearance in palynological spectra (Penny 1969); (3) non- 
edaphic, wide-ranging grass species and associated herbs (e.g., Compositae) evolve in 

Late Oligocene and Early Miocene tine (Leopold 1969); (4) mammals adapted to living in 
grass-dominated communities appear in the Oligocene of both South America (hypsodont 
ungulates in Deseadan faunas; Patterson and Pascual 1968) and Asia (Hsanda Gol fauna in 
Mongolia with a hypsodont "bovoid"' and numerous species of seemingly grass-adapted 

rodents and ochotonids; Mellet 1968) and somewhat later in the Early Miocene of North 
America (Hemingfordian faunas with hypsodont ungulates; Wood et al. 1941) and Africa 
(Namibian faunas with early bovoids and open-country rodents; Stromer 1926); (S) grasses 
and associated herbs become dominant in many world floras by the Middle Miocene (Leopold 
1969), as reflected by their proportions in palynological spectra; (6) savanna-mosaic 
faunas reach their maximum extent in the Late Miocene, covering much of North America, 
Asia, parts of Africa, South America, southeast Europe, the Middle East, and sub- 
Himalayan Asia; (7) many high-latitude savanna-mosaic communities are replaced by steppe 
grassland communities in the Plio-Pleistocene. 

There have been several separate and parallel developments of savanna-mosaic 
community types. Certainly, the South American savanna-mosaic mammalian fauna developed 
endemically (Patterson and Pascual 1968). The North American savanna-mosaic mammalian 
fauna also developed independently but was influenced by intermittent immigration from the 
Old World (Simpson 1947). The relationship between the Eurasian and African savanna- 
mosaic faunas is, however, uncertain. Evidence presented below indicates that the Old 
World savanna-mosaic biome developed from the same ancestral community, and that there was 
a great amount of interchange between Eurasia and Africa throughout the Late Tertiary. 
There was, however, enough isolation that distinct lineages developed in several dif- 
ferent mammalian groups. 

The earliest appearance of an open-habitat fauna in the Old World is that from the 
Middle Oligocene of Hsanda Gol, central Asia (Mellett 1968). The earliest hypsodont 
ruminant is known from this fauna, which was dominated by ctenodactylid rodents and 
ochotonid lagomorphs. On the other hand, all of the known Early Miocene faunas from 
Eurasia were dominated by aquatic-margin and temperate-forest mammals.  Ancestral 
members of the later savanna-mosaic faunas are absent from this Asian Oligocene open- 
habitat community and, in addition, this Oligocene fauna is not chronologically continuous 
with the later savanna-mosaic biome. Thus we do not consider it as ancestral to the 
modern Old World savanna-mosaic communities. 

It is probable that, instead, the early evolution of the savanna-mosaic mammalian 
fauna took place, in part, in Africa. This is indicated by (1) the early occurrence of 
groups which were later important in savanna-mosaic communities (giraffoids, bovids, suids, 
elephantid ancestors, and hippopotamid ancestors) in at least partially open-habitat 
faunas in Africa while it was still isolated from Eurasia (e.g., Namibian fauna, Stromer 
1926); (2) the fact that these groups remained more advanced and diverse in Africa, even 
after the continents were connected, up until the latest Miocene (perhaps due to the 
ameliorating influence of the Paratethys Sea on the Eurasian climates). However, by the 
latest Miocene (Turolian-equivalent) distinct lines of bovids, rhinos, pigs, and hyenids 
had developed in both Africa and Eurasia and remained essentially restricted to their 


respective continents. 
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The East African Record 


Unfortunately the East African mammalian faunas that are known from the Middle 
and Late Miocene, the time crucial to the development of the savanna-mosaic community 
type, are either known from poor localities or are still incompletely studied. However, 
certain important faunal changes which can be associated with the shift in community 
types (cf. fig. 15.1) can be demonstrated. 

1. Maboko and Fort Ternan (16-14 my): appearance of a greater number of bovid 
and giraffid species; first appearance of cercopithecids in numbers (Victoriapithecus) ; 
first appearance of Struthio, the ostrich; first appearance of the modern Africa rhino- 
cerotid line, Paradiceros, and possibly of hominids (Ramapithecus); woodland-forest 
habitat. 

2. Ngorora (712-9 my): bovid species numerous; hippopotamids, dendromurines, 
modern-type hyrax (Parapliohyrax), and the extant genus of aardvark, Orycteropus, 
evolve in situ; immigration of equids, hyenids (?), and mustelids from Eurasia; woodland- 
forest habitat. 

3. Lothagam I, Lukeino (7-5 my): bovid species much more numerous; evolution in 
situ of modern viverrids, suids, and elephantids; immigration of hystricids, felids, 
and machairodontids; only remaining major Early Miocene lineages of those that are now 
extinct are rhinocerotids, chalicotheres, and deinotheres. 

4. Kanapoi-Chemeron (5-3 my): many first appearances: Papio, Colobini, 
Australopithecus, Anancus, Mammuthus, Loxodonta, Elephas, Ceratotherium, Potamochoerus, 
Okapia (evolutionary); Lepus, Tatera, Giraffa, and Syncerus (?immigrant); 'savanna- 
mosaic" and waterside habitats. 

5. Plio-Pleistocene (3-1 my): many modern genera appear both as evolutionary 
products and as immigrants; true savanna-mosaic habitat. 

This sequence of faunal events and changes in habitat spectra (fig. 15.1) suggest 
that there was a slow shift fram forest-adapted mammals in the Early Miocene to savanna- 
mosaic adapted mammals in the Late Miocene due to both in situ evolutionary change and 
immigration from Eurasia. By the Plio-Pleistocene there was a true savanna-mosaic 
community type, very similar to that of today, in which most modern genera were repre- 


sented. 
The Succession 


The change from an equatorial rain forest community type to a savanna-mosaic com- 
munity type is basically one of evolutionary succession (see p. 16). That is, it 
happened gradually, but in the end a completely different community type with very dif- 
ferent dynamics and structure resulted. This gradualness is suggested by fig. 15.1. As 
the climate became drier and more seasonal, first a forest-woodland complex developed, then 
a woodland-wooded grassland, and so on until true savanna-mosaic in the modern sense 
developed. 

The causes of this increased seasonality in East Africa are probably worldwide 
climate change, change in oceanic circulation, and especially rain-shadow effects due to 
the rising margins of the Western and Eastern Rifts (see Andrews and Van Couvering 1975). 

The essential difference between the two community types, in terms of structure 
and dynamics, is caused by seasonality. In an equatorial rain forest community, seasonality 
is of negligible importance (Bourliére 1973), while in a savanna-mosaic community the 
seasonality and unpredictability of climate and resources essentially govern the community 


structure (Sinclair 1975). Table 15.2 lists many of the differences between the equatorial 
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rain forest and savanna-mosaic community types. In general, forest mammals are small and 
sedentary, have a small home range, live alone or in small family groups, pair bond, 

and breed year-round (Bourliére 1973). Savanna-mosaic mammals, especially those from 
wooded-grassland and grassland habitats, are for the most part medium to large, migratory 
or dispersal-prone (in the sense of Western 1973), have a large home range, live in herds, 
are polygynous, and breed seasonally. Mammals restricted to woodland are similar to forest 
mammals but breed seasonally. 

In addition, savanna-mosaic communities have a variable number of species 
present throughout the year, due to the migratory and dispersal habits of the ungulates. 
Although the savanna is extremely rich in numbers of species and supports a very large 
total biomass (Bourliére 1963), the species diversity is not high. Harris (1972), for 
example, points out that four species of large herbivores make up 80-90% of the total 
numbers and biomass of the mammalian faunas in the Mkomazi Reserve, and many other studies 
of East African savanna-mosaic communities show the same thing (see density/km2 tables 3-6 
in Bourliére 1963). 

Trophic and faunal differences are also important. There are fewer species of 
insectivores and frugivores, more species of herbivores, especially large grazers and mixed 
grazer-browsers, and more species of carnivores in a savanna-mosaic community than in a 
forest community (fig. 15.1; also Van Couvering and Van Couvering 1976, table 2). 

The changes in dynamics and structure, like the faunal changes, have probably 
developed slowly. Indeed, species which have populations living in both forest and 
savanna-mosaic communities today often have different reproductive and behavioral pat- 
terns in each of these habitats. For example, a particular species which is solitary 
or lives in small family groups, has small clutches, breeds year-round, and pair bonds in 
the forest may live in larger groups, have larger clutches and more seasonal breeding, 
and be relatively polygynous in the savanna-mosaic (Bourliere and Hadley 1970). If these 
kinds of differences exist within a species, certainly it is reasonable to assume that 
evolutionary change of this sort was not genetically difficult. 

In order to study the paleontological record from an ecological perspective 
the following information is needed: (1) detailed species distributions; (2) type of 
sample bias; (3) correction for this bias; (4) body size of species; (5) guild of species; 
and (6) relative abundances of species. Future work should be directed towards obtaining 
this information from existing collections as well as from field work designed specifi- 
cally for these purposes. Some of this information is already available for a few 
sites. Detailed records of species distributions have been kept, in some cases, through- 
out the history of paleontology (e.g., J. B. Hatcher, B. Brown, field notes), and much 
taphonomic fieldwork of the last decade has been directed toward determining the type 
of sample bias (e.g., Voorhies 1969; Brain, this volume). However, not until recently 
has any work been aimed at correcting sample bias (cf. Behrensmeyer and Dechant Boaz, this 
volume). Species body size and guild type can be reconstructed for most species by 
studying museum collections, but determining the relative abundances of species remains 
a major stumbling block. 

I have used only presence-absence data in this paper, not because they are 
preferable, but because inmost cases relative abundance data are either unavailable or un- 
reliable. One of the major unresolved problems at the conference was how to determine 
relative abundances. Discussions at the conference, and with Robert Bakker since that 

“time, have crystallized my views on this subject as follows: Determination of relative 


abundances for any particular site should be made in an equivalent manner; that is, only 
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bones which are taphonomically and sedimentologically similar and equally identifiable 
should be used. Although other bones can also be used, the mandible is preferable, and 
it has the additional qualification of being often preserved. Relative abundances 
determined on bones which are different in their taphonomic and sedimentological properties 
and which are not equally identifiable will by their nature give spurious results. In ad- 
dition, the bones which are chosen should be merely counted (either in total, or as rights 
or lefts), not studied for eruption or states of wear in the case of tooth-bearing bones, 
or epiphyseal closure in the case of long bones. Relative abundances obtained in this 
manner will thus not be automatically more numerous for groups which are well known to the 
researchers than for groups which are not as well known. 

Using the kinds of information discussed above, we hope to be able to evaluate 
the place of hominoids in their communities and how the evolution of these communities 


affected hominoid evolution. 


Summary and Conclusions 


By lumping the known fauna from sites of a single age and a single depositional 
basin, an overall habitat spectrum and ecological diversity spectra for that particular 
basin can be constructed. These spectra give a general picture of the habitats repre- 
sented in that basin and their relative importance. Each species included in a habitat 
spectrum was weighted on the basis of its ecological range and similarity to living species. 
The ecological diversity spectra were constructed for several modern as well as fossil 
sites. These two techniques are important in discerning the differences between fossil and 
modern sites. 

An examination of habitat spectra and ecological diversity spectra derived in 
this manner and other lines of evidence explored elsewhere (Andrews and Van Couvering 1975) 
suggest the following: 

1. The early Miocene equatorial rain forest community of East Africa remained 
virtually unchanged for six millions years (23-17 Ma) and then underwent a major taxonomic 
overturn among the mammals. This community differed from its modern-day counterpart in 
the presence of relatively more species of large, ground-dwelling, browsing mammals. 

2, There was a slow, unidirectional shift in the overall environment in East 
African from a nonseasonal climate in which equatorial rain forest was the dominant 
community type (Early Miocene) to a seasonal climate in which savanna-mosaic was the 
dominant community type (Plio-Pleistocene). The fossil record demonstrates that 
major faunal changes occurred in the Middle and Late Miocene and again in the Pleistocene, 
although in general the changes were slow and additive. Hominids do not appear consistently 
as members of the savanna-mosaic community until the Plio-Pleistocene, when these com- 
munity types apparently became structurally identical to modern savanna-mosaic communities. 

One of the ultimate goals of paleoecological analysis of the East African Ceno- 
zoic sites is to be able to evaluate the place of the hominoids in their communities and 
to detect how the evolution of these communities affected the evolution of the hominoids. 
This cannot be achieved without analysis of the faunas in terms of taphonomic and paleo- 
ecological information as discussed on p. 296. In addition, we need a better understanding 
of the makeup, structure, and dynamics of modern community types and a better understanding 


of modern burial conditions in different environments. 
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